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REMARKS 

Status of the Claims 

Claims 1-16 and 18-33 are pending. Claim 17 was previously 
canceled, and claim 3 is canceled herein. Claims 15-16, 18-19, 
and 29-33 are withdrawn as directed to a nonelected invention. 
Claims 1, 2, 4, 13, 14, 23, and 24 have been amended. Claims 1-14 
and 20-28 are under consideration. 

Claim 1 has been amended to delete recitation of SEQ ID NO:l, 
as non-elected subject matter, and to delete recitation of 
biologically active derivatives of the regulatory sequence. 
Claims 2, 13, and 23 have been deleted to delete recitation of 
inducing "chemicals" . Claims 4, 14, and 24 have been amended to 
delete recitation of "organic compounds" , and claims 14 and 24 
have been amended to add reference to a Markush group of inducers. 

Objection to the Claims 

Claim 1 is objected to because it recites a non-elected 
sequence (SEQ ID N0:1) . Claim 1 has been amended to refer only to 
the elected regulatory sequence, SEQ ID NO: 2. The objection is 
therefore rendered moot. 

Claims 9 and 21 are objected to because they refer to a host 
organism, and according to the Examiner, w [p] lant cells are not 
organisms". Applicants respectfully disagree, and submit that a 
person of ordinary skill in the art would agree that plant cells 
are indeed organisms. A copy of the Wikipedia definition of 
"organism" is attached as Exhibit A. It states, "The word 
'organism' may broadly be defined as an assembly of molecules that 
influence each other In such a way that they function as a more or 

-8- 

WZXZJQAKTEN, SCHTTHHTJ, 
GAGSKBXM 6 LSBOVZCX LLP 
TEL. 1617) 542-2290 
FAX. (617) 451-0J13 

PAGE 10/30 ' RCVD AT 1/S/2008 2:10:50 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-6/38 « DN!S:2738300 • CSID:1 617451 0313 • DURATION (mm-ss):06-16 



01/09^2008 14:15 FAX 16174510313 



WSGL 



@011 



Application No. 10/566,201 
Filed: January 27, 2006 
TC Art Unit: 1638 
Confirmation No. : 8282 

less stable whole and have properties of life." The Australian 
Academy of Science defines u organism" as "Any living think, 
whether single celled or many celled." See attached Exhibit B, 
Thus, clearly an organism can be single -celled. 

Furthermore, Applicants submit that a person skilled in the 
art considers a plant cell as being an organism. In particular, a 
plant cell is an assembly of molecules that influence each other 
in such a way that they function as a more or less stable whole. 
Additionally, a plant cell is self-contained and self -maintaining, 
since it can take in nutrients, convert these nutrients into 
energy, carry out specialized functions, and reproduce itself. A 
plant cell stores its own set of instructions for carrying out 
each of these activities. Therefore, a plant cell is provided 
with the basic features of life that distinguish organisms from 
inorganic objects being manifested by growth through (i) 
metabolism, including, e.g., taking in raw materials or building 
cell components; (ii) reproduction, e.g., by cell division; and 
(iii) adaptation to environment, e.g., in response to external 
stimuli of through changes originating internally. 

Organs that are used by the plant cell for carrying out the 
above tasks are specialized cell organelles such as, e.g., the 
membrane, the nucleus, the ribosome, or the vacuole. A plant cell 
being equipped as described above may live independently, for 
example, in plant cell cultures or as a single-cell organism like 
for example single-celled green algae belonging, e.g., to the 
phylum Chlorophyta. Accordingly, for the reasons outlined above, 
a person skilled in the art would consider a plant cell as being 
an organism. 
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For the reasons discussed above, the withdrawal of the 
objection is respectfully requested. 

Rejection Under 35 U.S.C. 112, Second Paragraph 

Claims 1-14 and 20-28 are rejected as indefinite because it 
is allegedly unclear what is being retained in the derived 
product. The rejection is respectfully traversed. 

This rejection presumably refers to the previous recitation 
of biologically active derivatives of SEQ ID NO:l or SEQ ID NO: 2. 
As the claims no longer recite such biologically active 
derivatives, the rejection is moot. 

Rejection Under 35 U.S.C. 112, First Paragrap h 

Claims 1-14 and 20-28 are rejected for alleged lack of 
written description. The rejection is respectfully traversed. 

The rejection refers to biologically active derivatives of 
SEQ ID NO: 2, chemicals and organic compounds capable of inducing 
SEQ ID NO: 2, and "undescribed heterologous nucleic acid sequences 
encoding wild- type or mutant NIMIN-1 promoters". The rejection 
also refers to "genes encoding promoters from any source ... as 
well as any sequence from any source encoding any promoter which 
has any biological activity of any kind, including irreversible 
self -excision from the genome." Another basis for the rejection 
is the recitation of "chemicals" and "organic chemicals" as 
inducers of the regulatory sequence. The Office Action alleges 
that Applicants have failed to provide a representative number of 
species to provide written description support for the claimed 
genus of biologically active derivatives of SEQ ID NO: 2 or for the 
genus of inducers . 
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While Applicants do not agree with the statement that the 
application fails to disclose a representative number of such 
species, the claims have been amended, merely in order to advance 
prosecution, so as to delete recitation of "biologically active 
derivatives" of SEQ ID NO: 2 as well as the terms "chemicals" and 
"organic chemicals" referring to inducers of the regulatory 
sequence. Thus, the rejection has been obviated. 

Claims 1-14 and 20-28 are also rejected for alleged lack of 
enablement. The rejection is respectfully traversed. 

The specification is alleged to lack support for how to make 
and use the claimed regulatory sequences over the full scope of 
the claims, in particular with respect to biologically active 
derivatives of SEQ ID NO: 2. While Applicants assert that the 
specification does in fact provide sufficient teachings to permit 
the ordinary skilled person in the field to prepare and use such 
derivatives, the amendment of the claims to remove reference to 
"biologically active derivatives" of SEQ ID NO: 2 has obviated this 
rejection as well. 

Therefore, because the matter that formed the basis for both 
the written description and enablement rejections is no longer 
recited by the claims, withdrawal of these rejections is 
respectfully requested. 

Rejection Under 35 U.S.C. 102(b) 

Claims 1-5 are rejected as allegedly anticipated by Sato. 
Sato is cited as teaching sequences from the Arabidopsis thaliana 
genome that allegedly include all of the elements of the present 
claims. The rejection is respectfully traversed. 
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Sato provides genomic sequences, but fails to discloses a 
nucleic acid containing at least a first nucleotide sequence 
containing SEQ-ID-No. 2 being operably linked to at least a second 
nucleotide sequence containing a transgene as defined in present 
claim 1. Sato merely discloses nucleotide sequences obtained by 
sequencing fragments of the genome of Arabidopsis thaliana, but 
not a nucleic acid containing a transgene . Since Sato fails to 
teach, even inherently, every limitation of the instant claims, 
Sato does not anticipate the claims. 

Furthermore, Sato fails to disclose the fact that SEQ ID NO: 2 
can serve as a promoter to drive the expression of a transgene, 
not to mention the superior properties of SEQ ID NO: 2 as a 
promoter which are disclosed in the present application. In 
particular, the nucleic acid according to the present invention is 
capable of selectively inducing the expression of a transgene in a 
suitable host, such as a transgenic plant, after treatment with 
inducing chemicals. Accordingly, it is possible, for example, to 
grow transgenic plants containing the nucleic acid of the present 
invention to a size sufficient to obtain enough plant material, 
and then to induce the expression of a transgene, resulting in the 
production of a desired product such as a polypeptide, a protein, 
or an RNA molecule. In contrast, there is no hint given in Sato 
that the nucleic acid of the invention includes a promoter which 
is not only induced by exogenous substances but also is switched 
off under normal conditions, having a surprisingly low leakiness . 
The advantageous properties of a nucleic acid according to the 
present invention are demonstrated by the extensive experimental 
data provided in the present application, e.g., in Example 5 and 
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Figs. 6, 7A, and 7B. Therefore, Sato also cannot render the 
claims obvious. 

For the reasons discussed above, the withdrawal of the 
rejection is respectfully requested. 

Rejection Under 35 U.S.C. 102(e) 

Claims 1-14 and 20-28 are rejected as allegedly anticipated 
by Cade et al. Cade is cited as teaching sequences from the 
Arabidopsis thaliana genome that allegedly include all of the 
elements of the present claims. The rejection is respectfully 
traversed. 

Cade provides genomic sequences but, as discussed for Sato 
above, Cade fails to disclose a nucleic acid containing at least a 
first nucleotide sequence containing SEQ- ID-No. 2 being operably 
linked to at least a second nucleotide sequence containing a 
trans gene as defined in present claim 1. Cade merely discloses 
nucleotide sequences obtained by sequencing fragments of the 
genome of Arabidopsis thaliana, but not a nucleic acid containing 
a transgene. Since Cade fails to teach, even inherently, every 
limitation of the instant claims, Cade does not anticipate the 
claims. Furthermore, since Cade fails to disclose or suggest the 
function of SEQ ID NO: 2 as a promoter and fails to disclose or 
suggest the superior properties of SEQ ID NO: 2 for use as a 
regulatory sequence to drive the expression of a transgene, as 
discussed above for Sato, Cade also cannot render the claims 
obvious. For these reasons, the withdrawal of the rejection is 
respectfully requested - 



-13- 



WB12»OftHTEt. SC3UBGXN, 

& tiEBOVlCI LLP 
TEL. (617) 542-3290 
FAX. (S17) 451-0313 



PAGE 15/30 * RCVD AT 1/9/2008 2:10:50 PM [Eastern Standard rime] • SVR:USPTO-£FXRF-6/38 * DNIS:2738300 * CS!D:16174510313 * DURATION (mm-ss):08-16 



01/09/2008 14:15 FAX 16174510313 



WSGL 



@016 



Application No. 10/566,201 
Filed: January 27, 200 6 
TC Art Unit: 163 8 
Confirmation No, : 8282 

The Examiner is encouraged to telephone the undersigned 
attorney to discuss any matter that would expedite allowance of 
the present application. 

Respectfully submitted, 
ARTUR PFITZNER ET AL. 




Charles 'L. (KTgnebin III 
Registration No. 25,467 
Attorney for Applicant (s) 

WEINGARTEN, SCHURGIN, 

GAGNEBIN & LEBOVICI LLP 
Ten Post Office Square 
Boston, MA 02109 
Telephone: (617) 542-2290 
Telecopier: (617) 451-0313 
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Organism 

From Wikipedia, the free encyclopedia 

In biology and ecology, an 
organism (in Greek organon = 
instrument) is an individual living 
system (such as animal, plant, 
fungus or micro-organism). In at 
least some form, all organisms are 
capable of reacting to stimuli, 
reproduction, growth and 
maintenance as a stable whole (after 

FAO^), An organism may be 
unicellular or made up, like humans, 
of many billions of cells divided 
into specialized tissues and organs. 

Based on cell type, organisms may 
be divided into the prokaryotic and 
eukaryotic groups. The prokaryotes 
are generally considered to represent 
two separate domains, called the 
Bacteria and Archaea, which are not 
closer to one another than to the 
eukaryotes. The gap between 
prokaryotes and eukaryotes is 
widely considered a major missing 
link in evolutionary history. 
Eukaryotic organisms, with a 
membrane-bounded cell nucleus, 
also contain organelles, namely 
mitochondria and (in plants) 
plastids, generally considered to be 
derived from endosymbiotic 
bacteria. A similar symbiogenesis 
hypothesis has been proposed 
involving the origins of the cell 
nucleus, it is described as viral 
eukaryogenesis. Fungi, animals and 
plants are examples of species that 
are eukaryotes. 

More recently a clade, Neomura, 
has been proposed, by Thomas 
Cavalier-Smith, which groups 
together the Archaea and Eukarya. 
Cavalier-Smith also proposed that 



Life on Earth 
Fossil range: Late Hadean 



Recent 
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These Escherichia coli cells provide an example of a prokaryotic 
microorganism 

Scientific classification 

(unranked) Life on Earth (Gaeabionta) 
Domains and Kingdoms 

■ Nanobes 7 

■ Acytota ** 7 

■ Cytota 

■ Bacteria * 

■ Neomura 

» Archaea 
■ Eukaryota 

■ Bikonta 

■ Apusozoa 

■ Cabozoa 

■ Rhizaria 

■ Excavata 

■ Corticata 

■ Archaeplastida 

■ Rhodophyta 

■ Glaucophyta 

■ Plantae 

■ Chromalveolata 

■ Heterokontophyta 

■ Haptophyta 

■ Cryptophyta 

■ Alveolata 

■ Unikonta 

■ Amoebozoa 

■ Opisthokonta 

■ Choanozoa 

■ Fungi 
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the Neomura evolved from Bacteria, 
more precisely from Actinobacteria. 



The phrase complex organism describes any organism with more than or 
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An ericoid mycorrhizal fungus 



Semantics 

The word "organism" may broadly be defined as an assembly of molecules that influence each other in 
such a way that they function as a more or less stable whole and have properties of life. However, many 
sources, lexical and scientific, add conditions that are problematic to defining the word. 

i 

The Oxford English Dictionary defines an organism as "[an] individual animal, plant, or single-celled 

life form"^ This definition problematically excludes non- animal and plant multi-cellular life forms 
such as some fungi and protista. Less controversially, perhaps, it excludes viruses and theoretically- 
possible man-made non-organic life forms. | 

i 

Chambers Online Reference provides a much broader definition: "any living structure, such as a plant, 

animal, fungus or bacterium, capable of growth and reproduction"^. The definition emphasises life; it 
allows for any life form, organic or otherwise, to be considered an organism. This does encompass all 
cellular life, as well as possible synthetic life. This definition does lack anything approximating to. the 
word "individual" which would exclude viruses. Some may use a definition not including cells. For 
example its definition might be; a structure that has a DNA. This allows different things by definition to 
be counted as an organism. 

The word M organism M usually describes an independent collections of systems (for example circulatory, 
digestive, or reproductive) themselves collections of organs; these are, in turn, collections of tissues, 
which are themselves made of cells. 



" Viruses 

Viruses are not typically considered to be organisms because they are incapable of 'Independent" 
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reproduction or metabolism. This controversy 
is problematic, though, since some parasites 
and endosymbionts are also incapable of 
independent life. Although viruses have 
en2ymes and molecules characteristic of 
living organisms, they are incapable of 
reproducing outside a host cell and most of 
their metabolic processes require a host and 
its 'genetic machinery.' 

Superorganism 



Herpes simple^ virus ; 



A polypores mushroom has 
parasitic relationship with this 
Birch Tree 



A superorganism is an organism consisting of many organisms. This is 
usually meant to be a social unit of eusocial animals, where division of 
labour is highly specialised and wheTe individuals are not able tc 
survive by themselves for extended periods of time. Ants are the most 
well known example of such a superorganism. Thermoregulation, a 
feature usually exhibited by individual organisms, does not occu!r in 
individuals or small groups of honeybees of the species Apis mellifera. When these bees pack together in 

clusters of between 5000 and 40000, the colony can thermoregulate.^ James Lovelock, with his 1 Gaia 
Theory" has paralleled the work of Vladimir Vemadsky, who suggested the whole of the biosphere in 
some respects can be considered as a superorganism. 

The concept of superorganism is under dispute, as many biologists 
maintain that in order for a social unit to be considered an organism by 
itself, the individuals should be in permanent physical connection to 
each other, and its evolution should be governed by selection to the 
whole society instead of individuals. While it's generally accepted that 
the society of eusocial animals is a unit of natural selection to at least 
some extent, most evolutionists claim that the individuals are still the 
primary units of selection, 

The question remains "What is to be considered the individual 
Darwinians like Richard Dawkins suggest that the individual selected 
is the "Selfish Gene". Others believe it is the whole genome of an 
organism. E.O. Wilson has shown that with ant-colonies and other 
social insects it is the breeding entity of the colony (hat is selected, and 
not its individual members. This could apply to the bacterial members 
of a stromatolite, which, because of genetic sharing, in some way 
comprise a single gene pool. Gaian theorists like Lynn Margulis would 
argue this applies equally to the symbiogenesis of the bacterial 




A sea sponge is a very simple 
type of multicellular organism 



underpinnings of the whole of the Earth. 

It would appear, from computer simulations like Daisyworld that biological selection occurs at multiple 
levels simultaneously. 

It is also argued that humans are actually a superorganism that includes microorganisms such as 
bacteria. It is estimated that "the human intestinal microbiota is composed of 10 13 to 10 14 



. _bt?I?ji / ' an wilrin^Hia nTa/wiVi/Oraanisrn 1 /8/2008 

PAGE 20/30 RCVD AT 1/9/2008 2:10:50 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-e/38 * DNIS:2738300 ■ CSID:16174510313 * DURATION (mm-ss):08-16 



01/09/2008 14:17 FAX 16174510313 WSGL 

Organism - Wikipedia, the free encyclopedia 



@021 

Page 4 of 10 



microorganisms whose collective genome ("microbiome") contains at least 100 times as many genes as 
our own[...] Our microbiome has significantly enriched metabolism of glycans, amino acids, and 
xenobiotics; methanogenesis; and 2-raethyl-D-erythritol 4-phosphate pathway-mediated biosynthesis of 
vitamins and isoprenoids. Thus, humans are superorganisms whose metabolism represents an 
amalgamation of microbial and human attributes." 

Organizational terminology 

All organisms are classified by the science of alpha taxonomy into either taxa or clades. 

Taxa are ranked groups of organisms which run from the general (domain) to the specific (species). A 
broad scheme of ranks in hierarchical order is: 

■ Domain 

■ Kingdom 

■ Phylum 

■ Class 

■ Order 

■ Family 

■ Genus 

■ Species 

To give an example, Homo sapiens is the Latin binomial equating to modern humans. All members of 
the species sapiens are, at least in theory, genetically able to interbreed. Several species may belong to a 
genus, but the members of different species within a genus are unable to interbreed to produce fertile 
offspring. Homo, however, only has one surviving species (sapiens); Homo erectus, Homo 
neanderthalensis, &c. having become extinct thousands of years ago. Several genera belong to the same 
family and so on up the hierarchy. Eventually, the relevant kingdom (Animalia, in the case of humans) is 
placed into one of the three domains depending upon certain genetic and structural characteristics. 

All living organisms known to science are given classification by this system such that the species 
within a particular family are more closely related and genetically similar than the species within a 
particular phylum. 

Chemistry 'WWM^MMMM 

Organisms are complex chemical systems, organized in ways that ; 
promote reproduction and some measure of sustainability or j f^^^^^^^^^^^^fe^^B * 

survival. The molecular phenomena of chemistry Eire fundamental j gflsi B^^SS^hI WtoFm I \ 

in understanding organisms, but it is a philosophical error 
(reductionism) to reduce organismal biology to mere chemistry. It is 
generally the phenomena of entire organisms that determine their 
fitness to an environment and therefore the survivability of their 
DNA based genes. 



A crab is an example of an 
organism. 



Organisms clearly owe their origin, metabolism, and many other 

internal functions to chemical phenomena, especially the chemistry of large organic molecules. 
Organisms are complex systems of chemical compounds which, through interaction with each other and 
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the environment, play a wide variety of roles. 

Organisms are semi-closed chemical systems. Although they are individual units of life (as the 
definition requires) they are not closed to the environment around them. To operate they constantly take 
in and release energy. Autotrophs produce usable energy (in the form of organic compounds) using light 
from the sun or inorganic compounds while heterotrophs take in organic compounds from the 
environment. 

The primary chemical element in these compounds is carbon. The physical properties of this element 
such as its great affinity for bonding with other small atoms, including other carbon atoms, and its small 
size makes it capable of forming multiple bonds, make it ideal as the basis of organic life. It is able to 
form small compounds containing three atoms (such as carbon dioxide) as well as large chains of many 
thousands of atoms which are able to store data (nucleic acids), hold cells together and transmit 
information (protein). 

Macromolecules 

The compounds which make up organisms may be divided into macromolecules and other, smaller 
molecules. The four groups of macromolecule are nucleic acids, proteins, carbohydrates and lipids. 
Nucleic acids (specifically deoxyribonucleic acid, or DNA) store genetic data as a sequence of 
nucleotides. The particular sequence of the four different types of nucleotides (adenine, cytosine, 
guanine, and thymine) dictate the many characteristics which constitute the organism. The sequence is 
divided up into codons, each of which is a particular sequence of three nucleotides and corresponds to a 
particular amino acid. Thus a sequence of DNA codes for a particular protein which, due to the chemical 
properties of the amino acids of which it is made, folds in a particular manner and so performs a 
particular function. 

The following functions of protein have been recognized: 

l.Enz ymes, which catalyze all of the reactions of metabolism; 
2.S tructural proteins, such as tubulin, or collagen; 

3.R egulatory proteins, such as transcription factors or cyclins that regulate the cell cycle; 
4.S ignalling molecules or their receptors such as some hormones and their receptors; 
S.Defe nsive proteins, which can include everything from antibodies of the immune system, to toxins 
(e.g., dendrotoxins of snakes), to proteins that include unusual amino acids like canavanine. 

Lipids make up the membrane of cells which constitutes a barrier, containing everything within the cell 
and preventing compounds from freely passing into, and out of, the cell. In some multi-cellular 
organisms they serve to store energy and mediate communication between cells. Carbohydrates also 
store and transport energy in some organisms, but are more easily broken down than lipids. 

Structure 

All organisms consist of monomeric units called cells; some contain a single cell (unicellular) and others 
contain many units (multicellular). Multicellular organisms are able to specialise cells to perform 
specific functions, a group of such cells is tissue the four basic types of which are epithelium, nervous 
tissue, muscle tissue and connective tissue. Several types of tissue work together in the form of an organ 
to produce a particular function (such as the pumping of the blood by the heart, or as a barrier to the 
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environment as the skin). This pattern continues to a higher level with several organs functioning as an 
organ system to allow for reproduction, digestion, &c. Many multicelled organisms comprise of several 
organ systems which coordinate to allow for life. 

The cell 

The cell theory, first developed in 1 839 by Schleiden and Schwann, states that all organisms are 
composed of one or more cells; all cells come from preexisting cells; all vital functions of an organism 
occur within cells, and cells contain the hereditary information necessary for regulating cell functions 
and for transmitting information to the next generation of cells. 

There are two types of cells, eukaryotic and prokaryotic, Prokaryotic cells are usually singletons, while 
eukaryotic cells are usually found in multi-cellular organisms. Prokaryotic cells lack a nuclear 
membrane so DNA is unbound within the cell, eukaryotic cells have nuclear membranes. 

All cells, whether prokaryotic or eukaryotic, have a membrane, which envelopes the cell, separates its 
interior from its environment, regulates what moves in and out, and maintains the electric potential of 
the cell. Inside the membrane, a salty cytoplasm takes up most of the cell volume. All cells possess 
DNA, the hereditary material of genes, and RNA, containing the information necessary to build various 
proteins such as enzymes, the cell's primary machinery. There are also other kinds of biomolecules in 
cells. 

All cells share several abilities^: 

■ Reproduction by cell division (binary fission, mitosis or meiosis). 

■ Use of enzymes and other proteins coded for by DNA genes and made via messenger RNA 
intermediates and ribosomes. 

■ Metabolism, including taking in raw materials, building cell components, converting energy, 
molecules and releasing by-products. The functioning of a cell depends upon its ability to extract 
and use chemical energy stored in organic molecules. This energy is derived from metabolic 
pathways. 

■ Response to external and internal stimuli such as changes in temperature, pH or nutrient levels. 

■ Cell contents are contained within a cell surface membrane that contains proteins and a lipid 
bilayer. 

Life span 

One of the basic parameters of organism is its life span. Some animals live as short as one day, while 
some plants can live thousands of years. Aging is important when determining life span of most 
organisms, bacterium, a virus or even a prion. 

Evolution 

See also: Common descent and Origin of life 



In biology, the theory of universal common 
descent proposes that all organisms on Earth 
are descended from a common ancestor or 
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ancestral gene pool. 

Evidence for common descent may be found 
in traits shared between all living organisms. 
In Darwin's day, the evidence of shared 
traits was based solely on visible 
observation of morphologic similarities, 
such as the fact that all birds have wings, 
even those which do not fly. Today, there is 
strong evidence from genetics that all 
organisms have a common ancestor. For 
example, every living cell makes use of 
nucleic acids as its genetic material, and 
uses the same twenty amino acids as the 
building blocks for proteins. The 
universality of these traits strongly suggests 
common ancestry. 

The "Last Universal Ancestor" is the name given to the hypothetical single cellular organism or single 
cell that gave rise to all life on Earth 3.9 to 4.1 billion years ago; however, this hypothesis has since been 
refuted on many grounds. For example, it was once thought that the genetic code was universal (see: 
universal genetic code), but differences in the genetic code and differences in how each organism 
translates nucleic acid sequences into proteins, provide support that there never was any "last universal 
common ancestor." Back in the early 1970s, evolutionary biologists thought that a given piece of DNA 
specified the same protein subunit in every living thing, and that the genetic code was thus universal. 
Since this is something unlikely to happen by chance, it was interpreted as evidence that every organism 
had inherited its genetic code from a single common ancestor, aka., the "Last Universal Ancestor." In 
1979, however, exceptions to the code were found in mitochondria, the tiny energy factories inside cells. 
Biologists subsequently found exceptions in bacteria and in the nuclei of algae and single-celled 
animals. It is now clear that the genetic code is not the same in all living things, and that it does not 

provide powerful evidence that all living things evolved on a single tree of life. [7] Further support that 
there is no "Last Universal Ancestor" has been provided over the years by Lateral gene transfer in both 
prokaryote and eukaryote single cell organisms. This is why phylogenetic trees cannot be rooted, why 
almost all phylogenetic trees have different branching structures, particularly near the base of the tree, 
and why many organisms have been found with codons and sections of their DNA sequence that are 
unrelated to any other species. 

Information about the early development of life includes input from the fields of geology and planetary 
science. These sciences provide information about the history of the Earth and the changes produced by 
life. However, a great deal of information about the early Earth has been destroyed by geological 
processes over the course of time. 

History of life 

The chemical evolution from self-catalytic chemical reactions to life (see Origin of life) is not a part of 
biological evolution, but it is unclear at which point such increasingly complex sets of reactions became 
what we would consider, today, to be living organisms. 



Phyl&genetlc Tree of Life 

jj Bacteria Archaea fcucaryota 




i A hypothetical phylogenetic tree of all extant organisms, 
based on 16S rRNA gene sequence data, showing the 
evolutionary history of the three domains of life, bacteria, 
i archaea and eukaryotes. Originally proposed by Carl Woese. j 
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Not much is known about the earliest developments in 
life. However, all existing organisms share certain 
traits, including cellular structure and genetic code. 
Most scientists interpret this to mean all existing 
organisms share a common ancestor, which had already 
developed the most fundamental cellular processes, but 
there is no scientific consensus on the relationship of 
the three domains of life (Archaea, Bacteria, 

Eukaryota) or the origin of life. Attempts to shed light ^ 
on the earliest history of life generally focus on the behavior of macromolec' 
the behavior of complex systems. 

The emergence of oxygenic photosynthesis (around ;3 billion years ago) and the subsequent emergence 
of an oxygen-rich, non-reducing atmosphere can be traced through the formation of banded iron 
deposits, and later red beds of iron oxides. This was a necessary prerequisite for the development of 
aerobic cellular respiration, believed to have emerged around 2 billion years ago. 

In the last billion years, simple multicellular plants dnd animals began to appear in the oceans. Soon 
after the emergence of the first animals, the Cambrian explosion (a period of unrivaled and remarkable, 
but brief, organismal diversity documented in the fossils found at the Burgess Shale) saw the creation of 
all the major body plans, or phyla, of modern animals. This event is now believed to have been triggered 
by the development of the Hox genes. About 500 million years ago, plants and fungi colonized the land, 
and were soon followed by arthropods and other animals, leading to the development of land ecosystems 
with which we are familiar. 

The evolutionary process may be exceedingly slow. Fossil evidence indicates that the diversity and 
complexity of modern life has developed over much of the history of the earth. Geological evidence 
indicates that the Earth is approximately 4.6 billion years old. Studies on guppies by David Reznick at 
the University of California, Riverside, however, have shown that the rate of evolution through natural 
selection can proceed 10 thousand to 10 million times faster than what is indicated in the fossil record. 

Such comparative studies however are invariably biased by disparities in the time scales over which 
evolutionary change is measured in the laboratory, field experiments, and the fossil record. 

Horizontal gene transfer, and the history of life 

i 

The ancestry of living organisms has traditionally teen reconstructed from morphology, but is 
increasingly supplemented with phylogenetics - theireconstruction of phylogenies by the comparison of 
genetic (DNA) sequence. 

"Sequence comparisons suggest recent horizontal transfer of many genes among diverse species 
including across the boundaries of phylogenetic 'domains'. Thus determining the phylogenetic history of 
a species can not be done conclusively by determining evolutionary trees for single genes." ^ 

Biologist Gogarten suggests "the original metaphor of a tree no longer fits the data from recent genome 
research", therefore "biologists [should] use the metaphor of a mosaic to describe the different histories 
combined in individual genomes and use [the] metaphor of a net to visualize the rich exchange and 
cooperative effects of HGT among microbes." ^ 10 ^ 
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External links 

■ BBCNews: 27 September, 2000, When slime is not so thick 

(http://news.bbc.<x>.uk/l/hi^ Citat: "...It means that some of the lowliest 

creatures in the plant and animal kingdoms, such as slime and amoeba, may not be as primitive as 
once thought..." 

- SpaceRef.com, July 29, 1997: Scientists Discover Methane Ice Worms On Gulf Of Mexico 
Sea Floor (htjp://www.spaceref.com7newsMewpr.htn^?pid=4742) 

■ The Eberly College of Science: Methane Ice Worms discovered on Gulf of Mexico 
Sea Floor (http://www.science.psu.edu/icewonns/i^^ download 
Publication quality photos 

■ Artikel, 2000: Methane Ice Worms: Heisiocaeca methanicola. Colonizing Fossil Fuel 
Reserves (http://ww.sb-roscof^ 

■ SpaceRef.com, May 04, 2001: Redefining "Life as We Know 

it" (http://www.spaceref.com/news/viewnews.html?id=339) Hesiocaeca methanicola In 
1997, Charles Fisher, professor of biology at Penn State, discovered this remarkable 
creature living on mounds of methane ice under half a mile of ocean on the floor of the Gulf 
of Mexico. 

m BBCNews, 1 8 December, 2002, 'Space bugs' grown in lab 

(http://news.bbc.co.Uk/l/hi/sci/tech/2585235.stm) Citat: "...Bacillus simplex and Staphylococcus 
pasteuri...Engyodontium album,. .The strains cultured by Dr Wainwright seemed to be resistant to 
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the effects of UV - one quality required for survival in space...." 

■ BBCNews, 19 June, 2003, Ancient organism challenges cell evolution 
(httj)://news.bbcxo.uk/l/hi/sci/tech/3003946.stm) Citat: "..."It appears that this organelle has been 
conserved in evolution from prokaryotes to eukaryotes, since it is ptesent in both,"..." 

■ Interactive Syllabus for General Biology - BI 04, Saint Anselm College, Summer 2003 
(http://vvww.anselm.edW .html) 

■ Jacob Feldman: Stramenopila (http://www.personal.psu.edU/users/j/s/jsfl 65/Biol 10.html) 

■ NCBI Taxonomy entry: root (http://www.ncbi.nlm.nih.gov/Taxonopy/Browser/wwwtax.cgi? 
mode=Root) (rich) ! 

• Saint Anselm College: Survey of representatives of the major Kingdoms 

(http://www.anselm.edu/homepage/jpto Citat: "...Number of 

kingdoms has not been resolved-Bacteria present a problem with their diversity... Protista present 
a problem with their diversity. . . " , 

■ Species 2000 Indexing the world's known species (http://www.spe0ies2OOO.org/). Species 2000 
has the objective of enumerating all known species of plants, animals, fungi and microbes on 
Earth as the baseline dataset for studies of global biodiversity. It will also provide a simple access 
point enabling users to link from here to other data systems for all groups of organisms, using 
direct species-links. ■ 

■ The largest organism in the world may be a fungus carpeting nearly 10 square kilometers of an 
Oregon forest, and may be as old as 10500 years. 

(http://www.abc.net.aWscience/news/envko/EnviroRepublish_828525.htm) 

■ The Tree of Life (http://tolweb.OTg/tree/phylogeny.html). 

■ Frequent questions from kids about life and their answers (http://www.scribd.eom/doc/l 01 6/Life- 
from-birth-to-death/) 
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Glossary | A plague on the pest - rabbit calicivirus disease and 
biological control 



biological control. A strategy for the control of pests or disease- 
causing organisms that relies on the usebf other living organisms rather 
than chemical pesticides. 

Cactoblastis cactorum. A moth whose larval stage (caterpillars) feed 
on prickly pear. 

calicivirus. A family of very small viruse?, different species of which 
cause diseases in several animal species. One species causes 
haemorrhagic diseases in rabbits (called! rabbit calicivirus disejase or 
rabbit haemorrhagic disease). This disease rapidly kills mature but not 
young rabbits, but affects no other animsil species. 

habitat. 1 . The place normally occupied by a particular organism or 
population. j j 

2. The sum of all the factors that determine the existence of ai 
community (eg, the freshwater habitat). 

! 

host. An organism on or in which a parasite lives. 

immunity. A body's reaction to the introduction of foreign substances, 
through the production of defensive substances such as antibodies. 

myxoma virus. (Also referred to as myxomatosis virus.) The virus that 
causes myxomatosis in rabbits. 

myxomatosis. A disease in rabbits caused by the myxoma virus, 
transmitted by mosquitoes and fleas. I 

organism. Any living thing, whether single celled or many celled. 

parasite. An organism that lives on or in: an organism of a different 

species (the host) and gains some advantage at the host's expense. 

i 

population. All the organisms of one species that inhabit a giyen area. 

population density. The total number of individuals of a species per 
unit area. Using density instead of total number gives a basis jfor 
comparison between numbers in different places or from time! to time in 
the same place. j 
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resistance (biological). The ability to withstand the effects of a 

disease-causing organism. I I 

• \ 
j 

vector. An organism that transmits parasites, viruses or bactefia from 
one host to another. ; | 

! 

virulence. The degree to which a disease-causing organism cjan affect 
the organism it attacks. 

virus. A submicroscopic infectious agent! consisting of a nucle c acid 
(DNA or RNA) molecule surrounded by a; protein coat. Viruses; cannot 
replicate outside a living cell. More information can be found at How 
viruses work (How Stuff Works, USA), j 
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